PROTECTION CIRCUIT FOR SEMICONDUCTOR LASER DEVICE 



BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a protection 
circuit for protecting a semiconductor laser device from a 
surge, which device is to be used in an optical pickup for 
recording and reproducing information on and from an 
optical disk. 

[0002] Recently, recording and reproducing devices of 
personal computers, and music CD players have been used in 
large quantities, and ever-increasing demand for optical 
pickups using semiconductor laser devices is presented. 
Under such circumstances, it has become essential to take 
countermeasures against static electricity of semiconductor 
laser devices in the production process and practical use 
of optical pickups and optical disc devices. 

[00031 Laser diode chips (hereinafter referred to as "LD 

chips") that are built in semiconductor laser devices are 
subject to breakdowns due to surges caused by static 
electricity because sizes of electrodes are as small as 
200-300 square micrometers. 

[0004] As a protection circuit that protects an LD chip 
fs-om a surge, a circuit as shown in Fig. 8 is known, in 
which a capacitor C and a coil L are combined (for example. 
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see "SEMICONDUCTOR DATA BOOK", 1998, page 18, Sharp) . In 
the protection circuit shown in Fig. 8, a capacitor C 
having a capacitance of 0.3-1.5 ^iF and a coil L having an 
inductance of 10-100 p,H are usually used. 
5 [00051 Further, as another circuit constitution, a 

protection circuit as shown in Fig. 9 is also proposed in 
which a coil L is inserted in series with an LD chip 11 on 
its anode side, and a capacitor C is connected in parallel 
with the LD chip 11 ( JP-A-60-38894) . 

10 [0006] When using the protection circuit shown in Fig. 8 

or 9, a dielectric strength of about 2 kV in terms of 
electrostatic breakdown voltage can be obtained. 
[0007] The electrostatic breakdown voltage herein means 
a physical property measured using an electrostatic test 

15 circuit {in conformity with EIAJ-4 7 01A) shown in Fig. 6. A 
method of testing an electrostatic breakdown voltage using 
the electrostatic test circuit will be described with 
reference to Fig. 7. 

[0008] First, a PH {optical output power) - lop (I-L) 
2 0 characteristic of an LD chip is measured (an I-L curve with 
a legend "BEFORE TEST" in Fig. 7) - Next, with the voltage 
of an internal power supply 31 of the electrostatic circuit 
shown in Fig. 6 set for "V" (kV) , a switch 32 is connected 
to an X terminal so that a capacitor 34 having a 
f§ ca^asitance of 200 pF is charged through a charging 
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resistor 33. After completion of the charging, the switch 
32 is connected to a Y terminal so that an electrical 
current flows through the LD chip via a circuit board 12 on 
which a semiconductor laser device including the LD chip is 
5 mounted. The internal resistance of the electrostatic test 
circuit is set for 0 Q. 

[0009] The above process is repeated five times at 
intervals of one second and then the I-L characteristic of 
the LD chip is measured again. If a current value (lop) 

10 passing the LD chip at a prescribed optical output power 
increases by 20 % or less after the test, compared with 
that before the test, the electrostatic breakdown voltage 
is judged to be "V" or higher (for example, the I-L curve 
with a legend "NON-DEFECTIVE AFTER TEST" in Fig. 7} . 

15 [00101 The similar experiment is further repeated while 

increasing the voltage of the internal power supply 31. 
When an lop value at a prescribed optical output power 
increases by at least 2 0 % compared with that before the 
test, the voltage immediately before the increase is judged 

2 0 to be an electrostatic breakdown voltage. When a voltage 
of more than the electrostatic breakdown voltage is applied 
through the circuit board 12, the semiconductor laser 
device deteriorates, resulting in an optical output power 
{¥E) of at most 5 mW in many cases (for example, the I-L 

25 curve with a legend "DETERIORATION" in Fig. 7) . 



[0011] Incidentally, when using the conventional 

protection circuit shown in Fig. 8 or 9, the electrostatic 
breakdown voltage is about 2 kV as described above. From 
this, it is concluded that the protection circuit achieves 
a considerable effect compared with the case where there is 
no protection circuit (in which case the electrostatic 
breakdown voltage is less than 100 V) . 

[0012] However, with the recent mass production of 
optical pickups, countermeasures against static electricity 
in the production process have been simplified. As a 
result, a higher electrostatic breakdown voltage (for 
example, more than 2 kV) has been required. 

SUMMARY OF THE INVENTION 

[0013] The present invention was made in view of such 
circumstances. An object of the present invention is to 
provide a protection circuit for a semiconductor laser 
device capable of achieving an electrostatic breakdown 
voltage higher than that achieved by the conventional 
device . 

[0014] A protection circuit for a semiconductor laser 
device according to the present invention has a resistor or 
soil connected in series with the semiconductor laser 
device, and a first capacitor and a second capacitor that 
are connected in parallel with the semiconductor laser 



device on opposite sides of the resistor or coil. In other 
words, the capacitors and the resistor or coil are arranged 
in 7c-type configuration. By arranging them in this way, a 
high electrostatic breakdown voltage can be obtained. 
[0015] In the protection circuit of the present 

invention, a low frequency capacitor may be used for one of 
the first and second capacitors, and a high frequency 
capacitor may be used for the other of the first and second 
capacitors. By doing so, a high electrostatic breakdown 
voltage is secured, 

[0016] In the protection circuit of the present 

invention, the first capacitor and/or the second capacitor 
may be a capacitor in which a low frequency capacitor and a 
high frequency capacitor are connected in parallel . In 
that case, the electrostatic breakdown voltage is further 
increased. 

[0017] Furthermore, in the protection circuit of the 
present invention, multilayered ceramic- type chip 
capacitors may be used for both of the first and second 
capacitors. Use of the multilayered ceramic- type chip 
capacitors allows a low frequency capacitor and a high 
frequency capacitor to be obtained only by changing the 
capacitance, and without changing the other characteristics. 
Farther, by using not only the chip capacitors but also a 
chip resistor or chip coil for the above-mentioned chip or 



coil, miniaturization of the protection circuit is 
achievable. Furthermore, use of the chip capacitors and 
the chip resistor or chip coil also makes it possible to 
realize automated (mechanized) chip mounting operation, 
which leads to higher productivity. 

fOOlS] In the protection circuit of the present 

invention, the first and second capacitors and the resistor 

(or coil) may be mounted on the same circuit board that the 
semiconductor laser device is mounted on. By thus doing, 
the number of elements can be reduced, leading to space 
saving and cost reduction. Furthermore, in this case, if 
the second capacitor and the resistor or coil are disposed 
in the vicinity of the semiconductor laser device, while 
the first capacitor is disposed in the vicinity of an input 
terminal of the circuit board, an electrostatic breakdown 
voltage can be increased more. 

[0019] Further, in the case of mounting the capacitors 

and the resistor (or coil) on the same circuit board that 
the semiconductor laser device is mounted on, with the 
circuit board having a plurality of wiring lines including 
a wiring line to supply the semiconductor laser device with 
an electrical current, the protection circuit may further 
have a metallic pattern for grounding that is formed 
outside of the plurality of wiring lines and at least along 
the wiring line to supply the semiconductor laser device 
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with an electrical current. In this case, static 

electricity that enters the wiring lines of the 
semiconductor laser device can be dispersed efficiently. 
Therefore, an electrostatic breakdown voltage can be 
5 increased furthermore. 

[0020] Other objects, features and advantages of the 
present invention will be obvious from the following 
description. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The present invention will become more fully 
understood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way of 
illustration only, and thus are not limitative of the 

15 present invention, and wherein: 

[0022] Fig. 1 is a circuit diagram of an embodiment of 
the protection circuit according to the present invention; 
[0023] Figs. 2A and 2B are diagrams schematically 
showing characteristics of capacitors; 

2 0 [O024] Fig. 3 is a circuit diagram of a modification of 

the embodiment shown in Fig. 1; 

[0025] Fig. 4 shows an example of placement of a 
protection circuit on a circuit board; 



£0026] Fig. 5 is a circuit diagram of another embodiment 

of the protection circuit according to the present 
invention; 

[0027] Fig 6 is a circuit diagram showing the 
5 constitution of an electrostatic test circuit to be used 
for measurement of an electrostatic breakdown voltage; 

[0028] Fig. 7 is a diagram showing I-L characteristic 
curves; 

[0029] Fig. 8 is a diagram showing one example of a 

10 conventional protection circuit; and 

[0030] Fig. 9 is a diagram showing another example of a 
conventional protection circuit. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 [0031] Embodiments of the present invention will be 
explained with reference to the accompanying drawings. 
[0032] Fig. 1 is a circuit diagram showing the circuit 

configuration of an embodiment of the protection circuit 
according to the present invention. 
20 [0033] In the protection circuit shown in Fig. 1, a 
resistor R is connected in series with an LD chip II on its 
anode side. On both sides of the resistor R, a first 
capacitor CI and a second capacitor C2 are individually 
connected in parallel with the LD chip 11. Of these two 
25 capgi^4t©^s CI and C2, the second capacitor C2 is disposed 
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on a side closer to the LD chip 11, while the first 
capacitor CI is disposed on a side farther from the LD chip 
11, with the resistor R disposed therebetween. 
[0034] In the present enibodiment, a multilayered ceramic 
5 chip capacitor having a capacitance of 1 ixF is used as the 
first capacitor CI, while a m-ultilayered ceramic chip 
capacitor having a capacitance of 0.1 {iF is used as the 
second capacitor C2 . 

[0035] Although both of the two capacitors are 
10 multilayered ceramic chip capacitors, the capacitance of 
the first capacitor CI is different from that of the second 
capacitor C2 by one digit. Thus, there is a big difference 
in the size of the electrode area of the chip between the 
first capacitor CI (whose electrode area is three square 
15 millimeters) and the second capacitor C2 (whose electrode 
area is one square millimeter) , and an impedance 
characteristic of the first capacitor CI is different from 
that of the second capacitor C2 . That is, since the 
capacitance of the chip capacitor depends on the size of 
2 0 the electrode area, the larger the capacitance, the larger 
the electrode area of the capacitor, and the impedance is 
low in a low-frequency region. Contrary to this, in the 
«*syaeitor having a small capacitance, the impedance is low 
in a high-frequency region. 
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[0036] The reason why the two capacitors CI and C2 are 
used in the present embodiment will be explained below. 
[00371 First, various studies have revealed that it is 
important to expand a frequency region where the impedance 
5 of the protection circuit is low, in order to improve the 
electrostatic breakdown voltage of the semiconductor laser 
device. Further, combinations /arrangement of capacitors 
and a resistor (or a coil) and so on were studied to expand 
the frequency region where the impedance of the protection 

10 circuit is low. As a result, it was found that an optimum 
combination/arrangement was that a low frequency capacitor 
having a low impedance in a low frequency region and a high 
frequency capacitor having a low impedance in a high 
frequency region are used in combination and arranged in 

15 parallel with a semiconductor laser device. 

[0038] Describing this specifically, as shown with a 
curve A of broken line in Fig. 2A representing an ideal 
capacitor characteristic, an ideal capacitor having a 
capacitance of C has the following impedance Z: Z = 1/coC = 

2 0 l/27cfC where q is an angular frequency, and it is known 
that the angular frequency o) and the frequency f has a 
relationship of co = 27Cf. However, since an actual 
capacitor involves a coil component, the impedance Z is 
raised in the high frequency region as shown with a curve B 

25 of solid line in Fig. 2A. Accordingly, when using one 
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capacitor, a frequency region, available as count erraeasures 
against static electricity (the frecjuency region where the 
impedance is low) is limited. 

[0039] Contrary to this, when a low frequency capacitor 

5 having a low impedance in a low frequency region and a high 
frequency capacitor having a low impedance in a high 
frequency region are connected in parallel with a 
semiconductor laser device, a characteristic represented by 
a curve E of solid line in Fig. 2B is obtained. That is, 

10 the frequency region where the impedance is low is expanded 
compared with the case where only one capacitor is used 
(Fig. 2A) . In Fig. 2B, a curve C represents a 

characteristic of the low-frequency capacitor and a curve D 
represents a characteristic of the high-frequency capacitor. 

15 [0040] In the present embodiment, a chip resistor having 
a resistance of 5.6 Q is used as the resistor R. The 
resistor R preferably has a resistance that is as high as 
possible, however, if it is too high, a voltage drop is 
caused by the resistor, raising a problem in practical use. 

20 On the other hand, the driving current of the semiconductor 
laser device is usually in the range between 50 mA and 100 
mA approximately. Therefore, if the voltage drop due to 
the resistor R is not more than 0.6 V, there is no problem 
in this level. Taking these things into consideration, the 

25 resistance is set for 5.6 in the present embodiment. 
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[0041] In the protection circuity the first capacitor CI, 

the second capacitor C2 and the resistor R are arranged in 
7c-type configuration as shown in Fig. 1, with the 
capacitance of the first capacitor CI, that of the second 
5 capacitor C2 and the resistance of the resistor R being 1 
iiF, 0.1 fiF and 5.6 Q, respectively, whereby a high 
electrostatic breakdown voltage of 4 kV, which is 
approximately as twice as that of the conventional 
protection circuit (Fig. 8 or 9) , was obtained. 
10 [0042] A modification of the protection circuit will be 
described with reference to Fig. 3. 

[0043] In this example, the arrangement or layout of the 

first capacitor CI, second capacitor C2 and resistor R is 
the same as that of the protection circuit shown in Fig. 1. 

15 Further, the resistance of the resistor R in Fig. 3 is the 
same as in Fig. 1. This modified protection circuit 
differs from the protection circuit shown in Fig. 1 only in 
that a low frequency capacitor having a capacitance of 1 |J,F 
(or a high frequency capacitor having a capacitance of 0.1 

20 |j.F) is used for each of the capacitors CI and C2 . 

[0044] The protection circuit shown in Fig. 3 has 
achieved an electrostatic breakdown voltage of 3 kV, which 
is 1.5 times as high as that achieved fay the conventional 
protection circuit. 
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[0045] Next, the arrangement or layout of the capacitors 
and the resistor in an actual circuit board will be 
described with reference to Fig. 4- 

[0046] A lead pin 11a that is an LD chip terminal of a 
5 semiconductor laser device 1 is connected to a position P 
in the circuit board 2. In the vicinity of the position P 
(usually at a distance of not more than 5 mm) , a resistor R 
and one terminal of a second capacitor C2 are connected. 
[0047] The circuit board 2 has an IC for controlling an 

10 optical output of the LD chip, an IC for superimposing a 
high frequency signal on an electrical current that drives 
the LD chip, an IC for amplifying and demodulating an 
output of a photoreceiver incorporated in the semiconductor 
laser device 1 to receive light containing signals from an 

15 optical disc, and the like. Therefore, it is required to 
extend a wiring line 22 that supply the LD chip with an 
electrical current. This circuit board 2 is connected to 
an external power supply via input terminals 21,..., 21. 
[0048] In the circuit board 2 like this, it is 

20 considered that a surge enters the wiring line 22, which 
supplies the LD chip with an electrical current, from the 
outside to destroy it. Although the routes through which a 
surge enters the wiring line 22 are not clear, it is 
p®J^l4^ered that there are two broadly-categorized surges: a 

25 surge that comes from circuit elements between the external 
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power supply and the circuit board 2, namely from the input 
terminals 21 of the circuit board 2, and a surge that comes 
from the wiring lines on the circuit board 2 . 
[0049] Among these surges, the surge that comes from the 
5 input terminals 21 of the circuit board 2 can be absorbed 
to some extent by using a low frequency capacitor as the 
first capacitor CI. Further, the surge that remains 
without being removed by the first capacitor CI and the 
surge that comes from the wiring lines on the circuit board 
10 2 can be removed efficiently by using a high frequency 
capacitor as the second capacitor C2 . 

[0050] E\irthermore, a metallic pattern 23 for the ground 
GND is formed outside of the wiring lines and along at 
least the wiring line 22 for supplying the semiconductor 

15 laser device 1 with an electrical current. The first 
capacitor CI and the other terminal of the second capacitor 
C2 are connected to the metallic pattern 23. With this 
structure, an electrostatic breakdown voltage is further 
enhanced. In this case, if a large area of the metallic 

20 pattern 23 for the ground GND is secured, static 
electricity that enters the wiring lines can be dispersed 
efficiently. Accordingly, the electrostatic breakdown 
voltage can be enhanced furthermore. 
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[0051] Another einbodiment of the protection circuit 
according to the present invention will be described below 
with reference to Fig. 5. 

[0052] In the protection circuit of this einbodiment 
5 shown, in Fig. 5, the first capacitor CI of the protection 
circuit shown in Fig. 1 is replaced with a first capacitor 
CI provided by a combination of a low frequency capacitor 
Cll having a capacitance of 1 iiF and a high frequency 
capacitor C12 having a capacitance of 0.1 [XF {both of which 

10 are multilayered ceramic chip capacitors) that are 
connected in parallel. Further, in the same manner as 
above, the second capacitor C2 of Fig. 1 is replaced with a 
second capacitor C2 provided by a combination of a low 
frequency capacitor C21 having a capacitance of 1 |aF and a 

15 high frequency capacitor C22 having a capacitance of 0.1 ]XF 
that are connected in parallel. In this embodiment as well, 
a chip resistor having a resistance of 5.6 Q is used as the 
resistor R. 

[0053] The electrostatic breakdown voltage achieved by 
20 the protection circuit shown in Fig. 5 was 6.2 kV, which is 
about 1.5 times as high as the electrostatic breakdown 
voltage achieved by the conventional protection circuit. 
[0054] Further, when using the protection circuit shown 
In fig, 5 as well, it is preferred that the second 
25 capacitor C2 and the resistor R are disposed in the 
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vicinity of a terminal of the semiconductor laser device, 
preferably within 5 mm, and that the first capacitor CI is 
disposed in the vicinity of the input terminal 21 as in the 
example of the arrangement shown in Fig. 4, Further, it is 
5 preferred that the metallic pattern 23 for the ground GND 
as shown in Fig. 4 is formed on the circuit board in view 
of an improvement in electrostatic breakdown voltage. 
[0055] In each of the embodiments described above, the 
resistor is incorporated in the protection circuit. It is 

10 also possible to achieve an equal effect when using a coil 
(e.g., chip coil) in place of the resistor. For example, 
by using a coil having an inductance of 45 fxH in place of a 
resistor having a resistance of 5.6 Q, an equal 
electrostatic breakdown voltage can be obtained. As 

15 described above, although it is possible to achieve the 
desired effect by using either of the resistor or coil, it 
is preferable to use a resistor in view of size reduction 
or miniaturization because the resistor occupies a smaller 
area than the coil. 

20 [0056] As described above, according to the protection 
circuit of the present invention, the resistor or coil is 
connected in series with the semiconductor laser device, 
w^hile, on both sides of the resistor or coil, the first and 
sessnd aapacitors are individually connected in parallel 

25 with the semiconductor laser device so as to be arranged in 
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7C-type configuration. As a result, a high electrostatic 
breakdown voltage can be obtained with a simple 
construction . 

[0057] The invention being thus described, it will be 
5 obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the 
10 following claims. 



